Virtually all smoking begins in our population's youth and remains as a habit into those smokers' elder years. If we desire to halt smoking in its infancy, we should seek to deter and induce cessation in the youth years. It has been cited that taxation is an effective means to deter smoking at all ages, particularly efficacious in the youth population. This paper explores the merits of this method of preventative medicine, and intends to investigate differences between the price elasticity of cigarette demand between various cohorts, particularly the adult versus the youth population. We use a two-variable log-log, ordinary least-squares econometric regression to determine the extent that price alterations have on participation rates and quantity smoked. Our results show that youth are quite responsive to price increases showing a decrease of 14 percent prevalence in smoking for a 10 percent increase in price; whereas, the adult population is relatively less responsive to such price changes, exhibiting nearly a 2 percent decrease in prevalence for a 10 percent increase in price. We conclude that taxation is an effective means of socially-enacted preventative medicine in deterring youth smoking.
INTRODUCTION
"Smoking remains the largest single preventable cause of premature death and disability in the United States" [1] . Since the publication of the Surgeon General's first report on smoking, the United States government has intervened and implemented policy and programs intended toward cessation of smoking in the interest of her people. An effective method to decreasing the prevalence of smoking in the population is through the prevention of initiation, most often cited as a habit picked up in adolescence. The Center for Disease Control states that "[s]moking begins primarily during childhood and adolescence" [1] , and, in fact, " [n] early all first use of tobacco occurs before high school graduation; this finding suggests that if adolescents can be kept tobaccofree, most will never start using tobacco" [2] . Therefore, tobacco control policies directed at the youth population could provide an effective method of preventative medicine by accomplishing and sustaining long-term reductions in smoking in all segments of the population.
To whom all correspondence should be addressed: Alexander Ding, UC Berkeley/UCSF, Division This paper investigates the success that taxation and price increases could have on limiting cigarette consumption. We hypothesize that smokers are price elastic in their demand for cigarettes and that the youth population is even more price elastic in cigarette demand. Therefore, a likely to be effective method to decreasing smoking would be to increase the price of a pack of cigarettes. How price-responsive a group is ultimately determines how effective such policies are. Price elasticity of demand is an economic term that represents the responsiveness of demand to changes in price. This is described mathematically as a percent change in quantity demanded over the percent change in price. That is price elasticity of demand = (AQ/Q)/(AP/P), where Q = quantity demanded and P = price.
The price elasticity of demand is a ratio and can be read as a "1 percent change in price will cause a __ percent change in demand." This elasticity is most easily described as the reciprocal slope of the demand curve: the steeper the slope, the lower the elasticity ratio, the more inelastic and the more unresponsive the consumer is to a change in price. Figures 1 and  2 show price elasticity of demand graphically [3] . The demand curve, generally, is downward sloping exhibiting the notion that as price decreases for a given good, consumers will purchase and consume more of that product. Taxation provides for a popular method of price alteration; this is a demand-side technique by which to increase the price of cigarettes. This is by far the most often used method to affect changes in price (Figures 1 and 2) .
When estimating the effectiveness of certain price increases in cigarettes we must ensure that at the very least price elasticity of cigarette demand is less than zero. A positive elasticity would suggest that if we increased price that quantity demanded of cigarettes would also increase. This is an opposite result of the intent of such policies. We will not limit ourselves, however, to only accepting elastic figures (i.e., PED < -1) because an inelastic amount can still reduce the quantity of cigarette consumption. Our purpose is to investigate just how much cigarette consumption can be cut with a price increase, not to speculate whether a certain percent in cutback is worth the effort.
There is good reason to believe that the price elasticity of cigarette demand in youth is relatively elastic. Grossman and Chaloupka [4] sum up the various reasons cited. First, the youth population's disposable income is much smaller than that of the adult population. As a result, a greater percentage of their wealth is spent on purchasing cigarettes. Teens, in theory, are less addicted to cigarettes and thus find it a more realistic option to stop smoking as a response to costlier smokes. Youngsters are also inclined to have a greater discounting of the future and do not fully realize the long-term consequences of smoking. Becker and Mulligan [5] cite that children have a tendency to overweigh present satisfaction and only become more future oriented through the investment process as they mature. As a result, they smoke more than is optimal unless that cost is made explicit to them in cash. Lastly, the most optimistic result of increased taxes is that peer pressure declines. Many teenagers start smoking because of peer pressure in attempts to emulate a certain image or to draw association between themselves and an "in-crowd." When the price of cigarettes increase, the amount their peers smoke decrease and the opportunity to lasso another youth into smoking diminishes. A possible multiplying effect seems plausible under this model, and provides great ammunition for the importance and effectiveness of taxation to the decrease of youth smoking.
Many studies have been conducted investigating the general population price elasticity of cigarette demand. According to a review article conducted by Chaloupka and Warner [6] there were a variety of elasticities reported in various papers over the years. However, generally speaking, the elasticity figures were between -0.3 and -0.5. This represents a 3 to 5 percent decrease in cigarette consumption for a 10 percent increase in the price of cigarettes.
In the youth population, empirical data provides strong evidence of greater elastic price sensitivity. Lewit et al. [7] provides numbers nearly three times that of the adult population. Using data from the 1960s and 1970s, the team declared that teen price sensitivity was -1.44. Their findings conclude that the prices affect youths' decision to smoke rather than the conditional demand for cigarettes, that is, how many cigarettes to smoke. Chaloupka and Grossman [8] , with more recent data, find a figure not far from Lewit et [13] shows in surveying younger youth the effectiveness of taxation seem inept. In the youth-at-large, they estimate a price elasticity of -3.0, but in younger youth a price elasticity of only -0.31, with conditional demand of -0.03. Perhaps these children bum cigarettes off older friends or only smoke when offered for free and, thusly, are price inelastic. Emery et al. [9] conducted research on differences between these sub-cohorts of youth smokers. Their results show that for regular smokers the price elasticity is estimated between -1.70 and -2.24. However, price was not a factor for experimenters in any age group. We can infer that as intensity of smoking increases and as a greater percentage of their allowances and spending money is allocated toward tobacco, the more effective taxation is on creating incentives to cease such behavior.
From the literature on price elasticities of cigarette demand, it is quite reasonable to conclude that increases in price affect teen smoking to a great degree. One problem area that needs to be addressed, however, is the experimentation phase. At this early stage of smoking, teens are not aware of the risks of addiction and cannot be effectively prevented from doing so with simple taxation. Nevertheless, the benefits of using a simple, virtually costless tool such as taxation proves to be quite large; the rates of returns are unmatched. Our study contributes to the literature with an analysis using more recent data and delves deeper into the nuances of price increases by investigating differences in sub-cohorts of youth and types of decreased demand.
DATA AND METHODS
Our primary empirical model is a simple, two-variable double log regression, estimated by the ordinary least squares method. The log-log model is a very popularly used model in measuring elasticities of demand. The log function is used to convert the data numbers into percentage The consumer price index (CPI)a, the standard measure of price inflation, was used as our indicator of inflation adjustment [10] . The nominal price, also known as the sticker price, of a pack of cigarettes was extracted from the former Tobacco Institute's fact book on tobacco [11] .
The price used represents the average retail price of a pack of cigarettes throughout the United States, both brand name and generic substitute brands. These [14] . This set of data differs from the first set in that it includes overseas military forces' cigarette consumption, but was also similarly presented as per capita figures. The history of smoking is defined as "current smokers" at least 100 or more cigarettes and currently smoke, "former smokers" at least 100 or more cigarettes, but do not currently smoke, and "never smoked" as fewer than 100 cigarettes.
RESULTS AND DISCUSSION
The results of our regressions present an optimistic picture for the effectiveness of taxation on the youth population of smokers, assuming that the historic time series data used in this analysis remain reflective of current consumption choices of today's youth. Estimates show that in youth, taxation is effective in cutting down the number of cigarettes smoked, leading to the cessation and quitting of smoking, and deterring others from beginning this habit altogether. While our study investigated price changes, it is assumed that taxation can be accurately used to produce these price changes because the incidence of tax has been elucidated [18] . Therefore, our study in generic price changes can be translated into taxation policy.
The first set of regressions provides elasticities of -0.15 and -0.19, respectively, for the price sensitivity of the general adult population to cigarettes. Both figures are statistically significant. These numbers are comparable, but are roughly less than, figures previously published. It can be argued that such taxation policies are fairly ineffective in decreasing the consumption of cigarettes because of its inelastic figure. However, re-examining this figure in absolute terms could present different statistics in better perspective. In the year 2000, a price change of 10 percent, which would have been approximately $0.33, would have hypothetically decreased the number of total cigarettes consumed by the population by over 8.5 billion and a pack and a half less consumed per capita for the given year, assuming no quits (Table 1) .
A comparison between the elasticity estimates of the adult population versus the youth population shows a substantial difference. The youth population tends to be much more responsive to price changes as we have hypothesized. A price elasticity of cigarette demand of -1.4 was obtained for the youth-at-large. This elastici- These results from our regression emulate those results of Gruber [13] , who also cites a strong correlation between price sensitivity and lower socioeconomic status. Therefore, taxation on cigarettes could be most hurtful, in terms of economic welfare, to the poorest. With sensitivity greatest for the lowest socioeconomic class, however, taxation does not seem to hurt the poorest the most. Generally, we deem regressive taxes to be unfair in that the poorest should be paying the least as a percentage of income because they can afford the least. However, it may be in the case of cigarettes that a regressive tax could be also beneficial in the long run. The poor who smoke are generally those who cannot afford to pay for the side-effects thereof such as medical costs. By deterring these groups from smoking, the money they save from such auxiliary costs may benefit both them and society in the long run. This set of regressions implies that taxation is most effective for black girls and practically ineffective for white boys. The unfortunate fact is that the majority of youth smokers in the United States are Caucasian and boys. Of those who smoke, our data show greatest prevalence in whites and males. In 1998, 42 percent of whites smoked versus 15 percent in blacks and 27 percent in Hispanic; also, 36 percent of boys smoked, while 33 percent of girls smoked [15] . Therefore, while as a group the youth is quite responsive to price and taxation should be useful in decreasing prevalence of smoking, some groups within the youth population will cut back on smoking more than others ( Table 2) .
The results of the quantity demanded in response to price hikes demonstrates the response of price increases to not only prevalence but also number of cigarettes smoked per smoker. Of those who smoked, for a 10 percent increase in price, there would be a 42 percent increase in the group that would smoke less than 15 cigarettes per day, a 9.4 percent decrease in those who smoked between 15 and 24 cigarettes per day, and a 33 percent decrease in those who smoked over 24 cigarettes per day. All of these estimates are statistically significant. This exhibits the likelihood of a substantial number of smokers to cut back in the number of cigarettes smoked due to tax hikes. The stated figures imply a drop in conditional demand of the number of cigarettes. The large increase in the group of least cigarettes smoked suggests that those who would otherwise smoke greater than 15 cigarettes per day would cut back on the number they smoked so that they fell into the cohort of fewer than 15 per day. Most of those who dropped into the low level of smoking were those who used to be in the mid-level. The heaviest of smokers signif- Table 3 . Population quantity demand response to price (Table 4) .
The results of our research evince the effectiveness of taxation policies within the confines of the youth population. Emphasis on the use of taxation as an effective policy for youth smoking deterrence should be strongly advocated for by those who value a smokeless culture and society. Our study shows that with price increases both quantity consumed and prevalence fall; also, individuals both quit smoking and are deterred from ever picking up a cigarette. Because cigarette smoking has been linked to an ever-growing list of health problems, the cessation thereof via financial incentives could provide for an effective non-traditional method of preventative medicine. From our studies, several specific recommendations can be made about taxation policy as preventative medicine. Because of the influence of price on the consumption, it is important that taxation effects sustain themselves by indexing them to inflation. By keeping the real price of the tax the same, despite fluctuations in price levels, the effects of the tax cannot be eroded and will remain stable. Levy et al. [ 14] use a computer simulation model to compare taxation policies with and without indexing to inflation. Their results confirm the ability of indexed taxes to sustain decreases in smoking due to taxes to a greater extent than non-indexed taxes. Indexing should follow that of general government protocol via the CPI.
Another specification suggests that taxation be enacted on a Federal rather than a state or local level. Evidence from Meier and Licari [15] state that Federal taxes tend to be more effective because of the increased difficulty in bootlegging among countries rather than between states. Barnett et al. [16] further provide fuel for Federal taxation in that evidence shows Federally-enacted excise taxes cause a greater increase in price because of a greater incidence of tax due to the decreased possibilities of bootlegging. Fortunately, for the youth population, due to their limited methods of transportation, bootlegging tends to be rather difficult.
Despite the allure of taxation as a tool to decrease cigarette consumption in youth, it is by no means without flaws or the panacea to smoking cessation. Unfortunately, taxation is limited in its effectiveness. As noted from our studies, taxes and price increases may be ineffective in decreasing tobacco consumption for certain groups of the population. For groups such as experimenters and those in the upper socioeconomic cohorts, price elasticity of demand for cigarettes tends to be relatively steep. Additionally, evidence from new data in California by Hu et al. [17] suggest that an assault of continued taxation exhibits a diminishing effectiveness of smoking cessation over time. Another study including Hu, by Sheu et al [18] cites that as taxes are enacted, the more price-sensitive smokers quit. New policies of taxation become less effective for those remaining hard-core smokers who are much less sensitive to price and will continue to smoke regardless of cost. Therefore, while taxation provides a significant method for deterring smoking in youth, other types of policies should be enacted to reach those smokers who are unaffected by price. These alternate policies should act to reach deeper within so-ciety to enact changes in public opinion and cultural views on smoking, and attend to the psychological defusement of desires to smoke.
